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TUMOR TREATMENT 
BACKGROUND 

Free radicals have been shown to inhibit tumor growth by causing oxidative damage 
to h'pids, proteins, and nucleic acids of the tumor cells. In clinical practice, a photo-sensitizCT 
is first delivered to a tumor site and then activated by irradiation to generate free radicals, 
thus inhibiting tumor growth. Among known photo-sensitizers, Photofrin n has recently 
been approved by the U.S. Food and Drug Administration. Preparation of Photofrin n is 
tedious. 

FuUerenes are conjugated olefins of a closed cage structure. When photo-excited, 
they are capable of transforming molecular oxygen into singlet oxygen and then the related 
free radicals, such as superoxide free radicals^ i.e., 02*'. However, friUerenes have low 
bioavailability and must be chemically modified before they can be tested for their efiQcacy, 
if any, as photo-sensitizers in treating tumor. 

SUMMARY 

This invention relates to a method of inhibiting the growth, including causing the 
death, of tumor cells. The method includes administering to a tumor site of a subject in need 
thereof a photo-sensitive free radical-generating fiillerene compound and, subsequently, 
exposing the tumor site to irradiation. The compound is a fiiUerene core which is substituted 
with 1-30 ionic groups, either directly or via a C1.50 linker. It is administered to the subject in 
an amount sufficient to inhibit the growth of the tumor cells at the tumor site. 

The term "fullerene core" refers to Ceo, Ceu C62, Css, C64, Ces, C70, C76, C78, Cgj, C84, 
C92, La@C6o, La@C74, La@C82, Ho@C6o, Ho@C74, Ho@C82, Gd@C«), Gd@C74, Gd@C84, 
Er@C6o, Er@C74, Er@C82, and the like. Among them. Ceo is preferred. 

The ionic groups mentioned above refer to those groups which are ionized in an 
aqueous solution at physiological pH. Examples of these ionic groups are sulfonate, sulfate, 
carbonate, phosphonate, phosphorate, and ammonium groups. A fullerene core, for example, 
can be substituted with 2-16 or 4-10 sulfonate groups to form a fullerene compound to be 
used in the method of this invention. 



1 



wo 02/24273 



PCTAJSOl/29081 



fullerene compound, eg., C6o(NH3^n. Alternatively, they can be linked to the fallerene core 
via a Ci-50 linker (e.g., a C2.16 or Cs^ linker). Examples of the linkers are alkyl (e.g., -Caft-X 
aryl (e.g., -C6H4-), ester (e.g., -CsHfiCO-O-), ether (e,g., -C3H6OC3H6-), thioether 
5 (e.g., -C7H14SC5H10-), urethane (e.g., -C4H8NH-CO-O-), urea (e.g., -NH-CO-NH-), amide 
(e.g., -CO-NH-X anhydride (e.g., -CO-O-CO-), amine (e.g., .NHC2H4-). and ketoether 
(e.g., -CO-C3H6-O-C5H10-). The fiillerene core, for example, can be substituted with 6 
sulfonate groups, each via a -CiHg- linker, to form C6o(-C4Hr SQsOs- 

The fullerene compounds described above include their pharmaceutically acceptable 
10 salts. Such salts can be formed between a negatively charged ionic group (e.g., sulfonate or 
carbonate) and a positively charged counterion. Suitable counterions include, but are not 
limited to, sodium, potassium, calcium, or magnesium. Likewise, a positively charged ionic 
group (e,g., ammonium) can form a sah with an anion (e.g., chloride, bromide, or iodide). 
One example of the salts that can be used to practice the method of this invention is 
1 5 hexa(sulfobutyi)fullerene sodium. 

A fullerene compoimd to be used to practice the method of this invention is 
formulated into a pharmaceutical composition prior to its use in tumor treatment. Thus, also 
within the scope of the invention is the composition which contains such a fiillerene 
compound and a pharmaceutically acceptable carrier for use in treating the tumor. Examples 
20 of the carriers include water, colloidal silica oxide, magnesium sterate, lipid, lipoprotein, 
blood protein, or cellulose. The invention also relates to use of the just-described fullerene 
compound for the manufacture of a medicament for the treatment of a tumor. 

One of the above-described fiillerene compounds, as an active ingredient in a 
pharmaceutical composition, is first administered to a tumor site of a subject before the 
25 tumor site is exposed to radiation. Upon irradiation, the fiillerene compound converts 
surrounding molecular oxygen to highly reactive oxygen radicals, including superoxide 
radicals, which in turn attack the tumor cells and inhibit their growth. 

Details of the invention are set forth in the description below. Other features, objects, 
and advantages of the invention will be apparent fi-om the description and firom the claims. 
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DETAILED DESCRIPTION 

TWs invention relates to use of a fuUerene compound as a photo-sensitizer to inhibit 
the growth of benign or malignant tumor cells. The fuUerene compound is a fuUerene core 
substituted, optionally via a C1.50 linker, with 1-30 ionic groups. When photo-exicited, the 
fuUerene compound converts oxygen molecules into singlet oxyg«i and then the related free 
radicals, such as superoxide free radicals. The free radicals subsequenUy cause damage to 
surrounding tumor cells and thereby inhibit the growth of the tumor cells (Le., reducing the 
number and size of the tumor cells). The irradiation source can be laser or other Ughts, e.g., 
fluorescence or X-rays. The irradiation can be of a wavelength of 400-1000 nm and an 
energy intensity of 10-300 J/cm', and the irradiation time can be 10-200 minutes. 

The fuUerene compounds which can be used to practice the method of this invention 
include those described in U.S. Patent No. 5,994,410. They can be synthesized by methods 
weU known in the art. For example, a sulfonate-alkyl-fuUerene compound can be prepared 
by reacting a fuUerene with a strong Lewis base (e.g., naphthalide) to produce an anionic 
fuUerene intermediate. The intermediate then reacts with a cycUc sultone to produce 
sulfoalkylfuUerene. See Chiang, et al., Chem. Lett. 1998, 465. 

An amino-fullerene can be prepared directly by reacting a fliUerene \wth an amine at 
ambient temperature for 2 days. See Hirsch, et al., Angew. Chem. Int. Ed Engl. 1991, 30, 
1309; 

A carbonate-ended fuUerene compound can be prepared by reacting an anionic 
fuUerene intermediate, via naphthalide, with succinic anhydride or reacting a caibonate- 
ended alkylamine or arylamine with C6o(n62)6 in the presence of a base, such as 
triethylamine, at 40°C for 5-16 hours. See Chiang, et al., J. Chem. Soc.. Perkin Trans. J, 
1999,31. 

A phosphorate-ended fiiUerene compound can be prepared by reacting a phosphorate- 
ended aUcylamine or arylamine with C6o(N02)6 in the presence of a base, such as 
triethylamine, at 40''C for 5-16 hours. See Chiang, et al., J. Chem. Soc, Perkin Trems. J, 
1999,31. 

A sulfate-ended fiiUerene compound can be prepared by reacting a sulfate-ended 
aUcylamine or arylamine with C6o(N02)6 in the presence of a base, such as triethylarame, at 
40"*C for 5-16 hours. See Chiang, et al., J. Chem. Soc., Perkin li-ans. J, 1999, 31. 
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A suitable fiiUerene compound or its salt in a sufficient amount is fonnulated with a 
phamaceutically acceptable carrier to form a pharmaceutical composition before being 
administered to a subject in need of treatment of a tumor. "A sufficient amount" refers to the 
amount of the compound which is required to confer therapwtic effect on the treated subject 
5 The interrelationship of dosages for animals and humans (based on milligrams per meter 
squared of body surface) is described by Freireich et al.. Cancer Chemother. Rep., 1966, 50, 
219. Body surface area may be approximately determined from height and weight of the 
patient. See, e.g.. Scientific Tables, Geigy Pharmaceuticals, Ardley, KY., 1970, 537. 
Effective doses will also vary, as recognized by those skilled in the art, depending on the 
10 route of administration, the excipient usage, the distance of tumor from the skin surfece, the 
source of the irradiation, and the optional co-usage with other therapeutic treatments 
including use of other anti-tumor compounds. 

The pharmaceutical composition may be administered via a parenteral route, e.g., 
topically, intraperitoneally, and intravenously. Examples of parenteral dosage forms include 
15 an active compound dissolved in phosphate buffer solution (PBS), or admixed with any other 
pharmaceutically acceptable carrier. Solubilizing agents, such as cyclodextrins, or other 
solubilizing agents well known to those familiar with the art, can also be included in the 
pharmaceutical composition. 

An in vitro inhibition assay can be used to preliminarily evaluate a fiillerene 
20 compound's ability to inhibit the growth of tumor cells. For example, a fullerene compound 
solution can be added to a pre-incubated cell suspension. Subsequently, the cell suspension 
is irradiated with fluorescence light, followed by further incubation. A solution of 3-(4,5- 
dimethylthiazol-2"yl)-2,5-diphenyl-tetrazolium bromide is added to the cell suspension to 
react with mitochrondrial dehydrogenase to form formazon, which is extracted with dimethyl 
25 sulfoxide (DMSO). The DMSO extract solution is immediately used for optical 

measurement to detOTnine the quantity of the formazon, which correlates with the quantity of 
dehydrogenase or the relative number of the living cells. 

The fullerene compounds that have been preliminarily evaluated can be further tested 
to confirm their efficacy by an in vivo inhibition assay. See Chiang, et al., Proc. 
30 Electrochem. Soc, 1999, 99-12, 238-249. For example, a tumor-bearing mouse can be first 
administered a suitable fiillerene compound in PBS close to the tumor site. The mouse is 
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then kept in the dark while the fullerene compound is circulated to the tumor site. After the 
hair on and around the tumor site is removed, the tumor ate is irradiated with a laser beam or 
other light source. After the irradiation, the growth of the tumor in the mouse is examined at 
different intervals. The inhibitory effect is evaluated by measuring the mouse's average body 

5 weight and tumor volume. The mouse is euthanatized by carbon dioxide asphyxiation. The 
final body weight and organ weight of the treated mouse are measured. Blood samples are 
withdravwi for biochemistiy and hematology analyses. All such data can be used to evaluate 
the efficacy of the fiillerene compound to treat tumor. 

Without further elaboration, it is believed that one skilled in the art, based on the 

10 description herein, can utilize the present invention to its fullest extent. All publications 

recited herein are hereby incorporated by reference in their ratirety. The following specific 
examples, which describe synthesis and biological testing of one compound that can be used 
in the present invention, are therefore to be construed as merely illustrative^ and not 
limitative of the remainder of the disclosure in any way whatsoever. 

16 

Example 1: 

(1) Synthesis of hexa(sulfobutyl)fullerene (FC4S) 

A dimethoxyethane (DME) solution of sodium naphthalide was first titrated with 
succinic acid. Ceo was then treated with the sodium naphthalide DME solution (10.0 equiv.) 

20 at 25^C to produce a hexaanionic fullerene intermediate. The fullerene intermediate 

subsequently reacted with an excess of 1,4-butane sultone (15.0 equiv.) to produce FC4S. It 
was obtained in a yield of 80-85% after purification by fihration and repeated precipitation in 
methanol from an aqueous solution. FC4S gave a simple peak in its HPLC chromatogram 
using a reverse-phase C-1 8 column and H2O as the eluent. Infrared spectrum of FC4S 

25 displayed a broad absorption band centered at 3444 cm'^ (owing to a hydrated molecule), 

along with two strong absorption bands centered at 1 178 and 1050 om\ corresponding to the 
stretching bands of the sulfonate with a C-SO2-O linkage. mdR spectrum of CF4S in 
D2O showed two broad peaks centered at 5 1.92 and 3.10, conrespondmg to the chemical 
shifts of -CH2-C and -CH2S protons, respectively. 

30 Acidification of FC4S with 4N HCl afforded the corresponding hexasulfonic acid, 

C6o(CH2CH2CH2CH2S03H)6. A conceivable molecular ion of C6o(CH2CH2CH2CH2S03H)6 
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was detected at m/z 1542 in the negative ion matrix-assisted laser desorption ionization 
(MALDI) mass spectrum. It was followed by two groups of ion fragments with peaks of a 
maximal intensity at m/z 1405 and 1269, corresponding to the masses of 
C6o(CH2CH2CH2CH2S03H)3 and C6o(C3J2CH2CH2CH2S03H)4, respectively. 
These data confirmed the structure and the composition of FC4S. 

(2) Irradiation-induced superoxide generation by FC4S 

The ability of generating superoxide free radical by FC4S was demonstrated as 
follows: FC4S aqueous solutions (1.0 ml each) at various concentrations (0-100 nM) were 
respectively added to ferricytochrome c-containing PBS (1.0 ml, 100 \M). Each of the 
mixtures was then added into a well of a 24-well plate and then exposed to fluorescence light 
(27 W) for 0-90 min. The distance between the plate cover and the light source was 5-6 cm. 
The extent of reduction of ferricytochrome c to ferrocytochrome c was evaluated by optical 
measurement. The increase of the absorbance at 550 nm corresponded to the increase of the 
quantity of ferrocytochrome c. Production of ferrocytochrome c indicated that FC4S, upon 
irradiation, converted molecular oxygen to superoxide free radicals, and electron transfer 
from the superoxide free radicals to ferricytochrome c reduced the ferricytochrome c to 
ferrocytochrome c. It was observed that more superoxide free radicals were generated when 
the FC4S dosage and the irradiation time were increased. 

(3) //I vitro irradiation-induced cytotoxicity of FC4S based on tumor cell viability 

Tumor cells were prepared as follows: Fibrosarcoma cells (CCRC 60037) and 
sarcoma 180 cells (obtained form Biochemical Institute of Chung Shan Medical and Dental 
College, Taiwan) were maintained and cultured in a-modified eagle medium (MEM) 
containing Zr-glutamine and phenol red, 10% fetal bovine serum, and antibiotics (100 
units/ml of penicillin G and 100 fig/ml streptomycin sulfate). The cells were incubated in 
the daric in 95% humidified air plus 5% CO2. After harvest by treatment with trypsin-EDTA, 
the cells were suspended in a-MEM medium at the concentration of IxlO'' cells/ml. 

Cell suspensions (500 ^1 each) thus obtained was placed into the wells of a 24-well 
plate and pre-incubated at 3TC for 24 hours. FC4S solutions (500 \i\ each) at various 
concentrations (0-20 jiM) were added to the wells. Each of the cell suspensions was 
irradiated witfi fluorescence light (27 watts) for 0-60 minutes. The distance between the 

plate cover and the light source was 5-6 cm. After the irradiation, the cells were fiirther 
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incubated for 48 hours. A solution of 3-(4,5-dimethylthia2ol-2-yl>2,5-diphenyl4etrazolium 
bromide (MTT, 0.5% in PBS, 100 ^1 each) was then added to each of the cell suspensions to 
react with mitochrondrial dehydrogenase enzyme in the living cells to produce formazon. 
The cell suspensions were again incubated for 3 hours at 37^C before the suspension medium 

5 was discarded. Formazon was then extracted using dimethyl sulfoxide (DMSO, 1 .0 ml 
each). The DMSO extract solutions were immediately used for optical measurement. The 
absorbance at 540 nm directly correlated with the quantity of formazon, and thus with the 
quantity of dehydrogenase enzyme or the relative number of the living cells (i.e., viability). 
The results showed a decrease in cell viability with the increase in FC4S dosage and 

10 irradiation time. 

(4) 7/1 vitro irradiation-induced cytotoxicity of FC4S based on tumor cell morphology 

Fibrosarcoma cell (CCRC 60037) suspensions (4.0 ml) on glass coverslips were 
incubated in a 6-well plate. The suspensions were irradiation with fluorescence (27 watts) 
for 40 minutes in the presence of FC4S at various concentrations (i.e., 2.5 - 5.0 |iM). After 

15 further incubation for 48 hours, tiiey were fixed witii fi-eshly prepared glutaraldehyde in PBS 
(2.5%) at 4°C for 2 hours. After the fixation, the coverslips were washed three times with 
PBS. The cells were then permeabilized by using methanol for 7 minutes. After removal of 
all liquid by air drying, the fibrosarcoma cells contained in the coverslips were stained with 
Giemsa stain solution (20x diluted) for 60 minutes and then transferred onto slides, each 

20 containing 10 ii 1 mounting media, for examination with an optical microscope (Zeiss). A 
largely deteriorated cell structure wth broken cell membrane of each cell was observed. The 
resuhs showed excellent irradiation-induced cytotoxicity on the fibrosarcoma cells by FC4S 
at a dose higher than 2.5 pM. At the dosage of 5.0 pM, all the cells were reduced to 
fi*agmented solid residues. 

25 (5) In vivo irradiation therapy study of FC4S 

Irradiation therapy tests were conducted in male ICR mice (Charles River Japan 
origin Crl: CD-]®(ICR)BR), which were 8 weeks old and weighed 37±0.8 g. The mice were 
housed in polycarbonated shoe-box cages on hardwood bedding (5 mice/cage) under 
controlled pathogen-firee conditions (temperature 22±1 ""C, relative humidity 55±15%, and 

30 light/dark cycle 12/12 hours), and were allowed fi-ee access to a laboratory rodent diet (# 
5K55, Purina Mills, Inc., St. Louis, MO) and water. 

7 
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Murine sarcoma 1 80 cells were maintained in the abdominal cavities of other nuce. 
Subcutaneous tumor was induced by intraperitoneal injection of IxlO' tumor cells (about 

0. 1-0.15 ml ascitic fluid) to the subcutaneous region of the abdominal cavity of each mouse. 
The tumor cells wer« allowed to proliferate at the inoculation site for 5-7 days. Fifty mice, 
each bearing a subcutaneous tumor in a diameter of 10±2 mm, were divided into 5 groups, 

1. e., 1. tumor control (without treatment); 2. intraperitoneal injection of FC4S (15 mg/kg) 
without laser irradiation; 3. intraperitoneal injection of FC4S (5.0 mg/kg) foUowed by laser 
irradiation; 4. intraperitoneal injection of FC4S (10 mg/kg) followed by laser irradiation; and 
5. intraperitoneal injection of FC4S (15 mg/kg) followed by laser irradiation. Group 6, a 
tumor-free control group, was also used in the study. 

After intraperitoneal injection of FC4S in PBS (5-15 mg/kg body weight of mouse) 
2.0 cm away from the tumor site, the mice were kept in the dark for 24 hours. The hair on 
and around the tumor sites was removed after the mice were anesthetized with avertine (0.3 
ml/head). The tumor sites were each subsequently irradiated with an argon ion laser beam 
(Spectra Physics, Model 168) at a wavelength of 514.5 nm for 0-60 minutes. The beam was 
delivered via a quartz fiber with the circular area of illumination output focused to a diameter 
of 7-8 mm with the total light dose adjusted to a level of 100 J/cm^ in each experiment. 

After the treatment, the mice were examined every 5 days for 30 days. EfiBcacy of 
the irradiation therapy was evaluated by measuring the average body weight and tumor 
vohmie of each mouse. After 30 days, the mice were euthanatized with carbon dioxide 
asphyxiation. The final body wdght and weights of organs, inchiding liver, kidney, spleen, 
heart, and tumor, were measured. Blood samples were withdrawn, and plasma biochemistry 
and blood hematology analyses were conducted with a Hitachi 7050 Automatic Analyzer and 
a Serono System 9000, respectively. 

The irradiation therapy-treated mice (groups 3, 4, and 5) showed a body growth rate 
close to that of tumor-free control (group 6). The untreated tumor-bearing mice in the 
control (group 1) had a lower body growth rate than that of mice in groups 2, 3, 4, 5, and 6. 

The average weight of the tumor isolated from the irradiation therapy-treated nuce 
(groups 3, 4, and 5) decreased with the increase in the FC4S dosage. At the FC4S dosage of 
5.0 mg/kg (group 3), the tumor weight was 20% of that of the control (group 1) at day 30. At 
dosages of 10 and 1 5 mg/kg (groups 4 and 5), the average tumor weight was 10% of that of 
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the control (group 1). These results indicated high efficacy of FC4S to reduce the viability of 
fibrosarcoma tumors in radiation therapy. Interestingly, FC4S alone (group 2) was found to 
inhibit tumor growth by about 23%. 

Analysis of blood samples showed differences in biological activities between treated 
and untreated mice. For example, after the radiation therapy, the mice in groups 3, 4, and 5 
exhibited higher activities of asparate aminotransferase, alanine aminotransferase, and 
alkaline phosphatase than those in group 1. Lactate dehydrogenase activity was also higher 
in the mice in group 3, 4, and 5 than those in group 1 at day 30. These observations suggest 
damage to the tumor cdl membrane and leakage of emqrme protons. The levels of 
cholesterol and glucose were significantly higher in the mice in groups 3, 4, and 5 than those 
in group 1, indicating continued proliferation of tumor cells in the mice of group 1 enhanced 
consumption of these substrates. 

Untreated tumor cells (group 1) proliferated continuously at a high rate as expected. 
The growth rates of the tumor cells in the mice in groups 3, 4, and 5 were much lower than 
group 1 in all testing periods. At day 30, the average tumor size of the mice in groups 3, 4, 
and 5 was 17% of that of those in group 1. 

Example 2: 

In vivo radiation therapy with FC4S was conducted in male ICR mice by following 
the same protocol described in Example 1, except that irradiation with laser of the 
wavelength of 633 nm and intravenous administration were also employed. 

The mice were divided into 5 groups: (1) tumor control (without treatment); (2) 
intraperitoneal administration of FC4S (15 mg/kg) with laser irradiation at 514.5 nm; (3) 
intraperitoneal administration of FC4S (15 mg/kg) with laser irradiation at 633 nm; (4) 
intravenous administration (tail) of FC4S (15 mg/kg) with laser irradiation at 514.5 nm; and 
(5) intravenous administration (tail) of FC4S (15 mg/kg) with laser irradiation at 633 nm. 

Growth of tumor in these mice was measured at different time intervals (i.e., 5, 10, 
15, 20, 25, and 30 days) after irradiation. The data showed that the inhibition on tumor 
growth by FC4S was more effective when using the higher energy 514.5 nm laser than the 
lower energy 633 nm laser. Intraperitoneal injection of FC4S resulted in only slightly betto" 
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inhibitory effect thto the intravenous administration. The tumor cells were found to be 
completely eliminated at the dosage of 1 5 mg/kg by intraperitoneal administration. 

Other ^Embodiments . 
A number of embodiments of the invention have been described above. It will be 
understood that various modifications may be made without departing fi-om the spirit and 
scope of the invention. For example, the fiillerene compounds used to practice the method of 
this invention include those which, in addition to being substituted with ionic groups, are 
further substituted with non-ionic groups (e.g., hydroxyl). Accordingly, other embodiments 
are within the scope of the following claims. 
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WHAT IS CLAIMED IS: 



1 1 . A method of inhibiting the growth of tumor cells, comprising administering to a 

2 tumor site of a subject in need thereof a compound in an amount sufficient to inhibit 

3 the growth of the tumor cells at the tumor site, and, subsequently, exposing the tumor 

4 site to irradiation, wherein the compound is a fuUerene core substituted, optionally via 

5 a Ci-50 linker, with 1-30 ionic groups. 

1 2. The method of claim 1, wherein the fullerene core is substituted via a Cwo linker with 

2 1-30 ionic groups. 

1 3. The method of claim 2, wherein the fullerene core is substituted with 2-20 ionic 

2 groups. 



4. The method of claim 2, wherein each of the linkers, independently, is alkyl, aryl, 
ester, ether, thioether, urethane, urea, amide, anhydride, amine, or ketoether. 

5. The method of claim 3, wherein each of the linkers, independently, is alkyl, aryl, 
ester, ether, thioether, urethane, urea, amide, anhydride, amine, or ketoether. 

6. The method of claim 5, wherein each of the linkers is alkyl, and each of the ionic 



2 groups, independently, is sulfonate, sulfate, carbonate, phosphonate. phosphorate, or 

3 ammonium. 

1 7. The method of claim 6, wherein the fullerene core is substituted vnth 6 sulfonate 

2 groups. 

1 8. The method of claim 1 , wherein the fullerene core is substituted via a C2.16 linker with 

2 1-30 ionic groups. 

1 9. The method of claim 8, wherein the fullerene core is substituted vnth 2-20 ionic 

2 groups. 



1 10. The method of claim 9, wherein each of the linkers, independently, is alkyl, aryl, 

2 ester, ether, thioether, urethane, urea, amide, anhydride, amine, or ketoether. 

1 1 1. The method of claim 9, wherein each of the linkers, independently, is alkyl, aryl, 

2 ester, ether, thioether, urethane, urea, amide, anhydride, amine, or ketoether. 

1 12. The method of claim 1 1, wherein each of the linkers is alkyl, and each of the ionic 

2 groups, independently, is sulfonate, sulfate, carbonate, phosphonate, phosphorate, or 

3 ammonium. 

11 
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13. The method of claim 12, wherein the fuUerene core is substituted with 6 sulfonate 



2 groups. 

1 14. The method of claim 1, wherein the fullerene core is substituted via a C3-8 linker with 

2 1-30 ionic groups. 

1 15. The method of claim 14, wherein the fullerene core is substituted with 2-20 ionic 

2 groups. 



16. The method of claim 14, wherein each of the linkers, independently, is alkyl, aryl. 
ester, ether, thioether, urethane, urea, amide, anhydride, Mune, or ketoetha-. 

17. The method of claim 15, wherein each of the linkers, independently, is alkyl, aryl. 



2 ester, ether, thioether, urethane, urea, amide, anhydride, amine, or ketoether. 

1 18. The method of claim 17, wherein each of the linkers is alkyl, and each of the ionic 

2 groups, independently, is sulfonate, sulfate, carbonate, phosphonate, phosphorate, or 

3 ammonium. 

1 19. The method of claim 18, wherein the fullerene core is substituted with 6 sulfonate 

2 groups. 

1 20. The method of claim 1 9, wherein each of the linkers is C4 alkyl. 

1 21 . The method of claim 1 , wherein the fullerene core is substituted, optionally via a C1.50 

2 linker, with 2-20 ionic groups. 

1 22. The method of claim 21, wherein the fullerene core is substituted, optionally via a 

2 C1.50 linker, with 4-10 ionic groups. 

1 23. The method of claim 22, wherein the fullerene core is substituted, via a C2.16 linker, 

2 with 4-10 ionic groups. 

1 24. The method of claim 22, wherein the fullerene core is substituted, via a Ca^ linker, 

2 with 4-10 ionic groups. 



12 



INTERNATIONAL SEARCH REPORT 



lotBED&tioo&l Hppllciitiffin No* 
FCTAJSOl/29081 



A. CLASSmCATION OF SUBJECT MATTER 
IPC(7) : A61N 1/30 

US CL : 604/20 

Accordjng to IntcrmtioDal Patent Classificatioii flPC) or to bothnatj ^ft^ flAgd flcationandlPC 

B, FIELDS SEARChku 

Mininmm. documeDtBliQii searched (classification system followBd by dwssificatinn symbols) 
U.S. : 604/19» 20, 27, 28. 46, AS, SOO-502, 506-312. 514, 51&-S22. 290 



Tloainigptatimi geftfftlig^ nthftr than minimmw Hn«inii>ptiirinii m the exttsrt that nich dn aiments are iachlded in tfac fields SCarchfid 



Electronic data base consulted durix^ the international seaich (name of data base and, v^xerc p r ac t ica b le, search tenns used) 
BRS: tnmor, irradiation, fiiUerene 



DOCUMEOTS CONSIPEREP TO BE RELEVANT 



Category * 


Citation of document, with indicatloBi, vdiere a^ropriate, of tbe relevant passages 


Relevant to daim No. 


Y,P 


US 6.162,926 A (Mmplr^etal.) 19 Decemba 2000. see entire patent and usage vdtfa 


1-24 




tumofs. 




Y 


US 5,994,410 A (Chiang etal.) 30 November 1999, see entiie patent and fbllerene 


1-24 




compounds. 


1-24 


A 


US 5.648,523 A (Chiang) IS My 1997. see entire patent. 


A 


US 5,635,581 A (Chiang et al.) 03 lone 1997. see Merene ccmpounds. 


1-24 


A 


US 5.416,188 A (Chiang et al.) 16 May 1995, see Meiene camptnnds. 


1-24 


A 


US 5,294,732 A (Chiang et at) 15 March 1994, see ftdlerene compounds and uses. 


1-24 



I I Farther documents are listed in the contmuation of Box C. []3 See patent family annex. 



• Slpecial cateeozies at eked dKmnnti: 

"A** ^Ifln rnf fi* A-^mfag tfca paigfa' «tate rf Ihft art wMA hnit etmldered tP btt 
of paxticnbr fclevanee 

•B" earikx applicalon or patent pabliihcd on or after (i» Inlrmatinnal ffliBg date 

*L" docomeni wfaidi may throw doubu on priority cladiii(t) or «Aich it died to 
ctiabUth the ptihlieatioa date of juolfaer dtatioo or other jpecial itaecn (at 



toaineittrefenciigtt>aaotaI<flidflatfc^ttte.«)d»i^^ 



iSpafaliihedpriar tothfiintematicaal nUng date bet later than (h& 
prioiiQf dne cbdmed 



-X" 



'it' 



later docomeal pobfiahed after the intwnatinnal IDtag d<eqrpriafly 
date and not hi coDQict with die appBcatioa hut cited touttdBntaadthe 
princqile or theory oadeilyfng the hiveotictt 

docomeotofpanicalarxelevaDce; (he clanned favcntim cannot he 
cauidered novel or camot be canddered to involve an tovenliw ttap 
whftt tibe duciioeitt jt takic& alone 

docunusnt of partf cnbr leleva&ce^ Ad clahned bventica cannot he 
outidered to hnotve minveadvectep «liea die docomeal ii 



behig dbvlooi to a pewB iklllfid in the ait 



Date of the actaal con^letion of die international sear^ 
13 November 2001 (13.11.2001) 


Date of mailing of the intTF^*^'""^^ search report 

. ^ ifi JAN?nn7 


Name and mailing address of the IS AAJS 
Ccnmlcdaner of Pateau and Tkidemaifci 
BoxPGT 

W^hiB0Eon, D.C 20231 

Facsimile No. (703)305<3230 


Auiiorizedf!^ 
Telefehone No. 


703) 308-0858 



Form PCT/ISA/210 (second sheet) (My 1998) 



